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Di'.ipik I fDs.sils ^icciiirinii kiildy uitdss .Aiklruli!!, imlil ivucnlly. IL-k IlmU litivij Ix'On .ulci|iiult*ly 
iliilod. Tills IS iliiL- 10 Sfwr.il iv.isons, prima'ily (lie i(Mds\iu,icics oT (Ik iiulHHMrlioit niL-lhnil.s. Now dalini! 
(iKlImils, wIiilIi niiiKiiloiiiulIv iiki'cliss' ills' ilarjhli. luc- I'iingo, liau' Kon de\cl(i|Kil in rt'scMl yoai's. i hic oTOk'iw' 
K llk'rnioliiiimK'sociico Cl I I (.lalrn^. 'll’l iIhto arc Mill lew rL-liulily tlatod Di/iriiliulini s|Kciiin.‘ns Ivciiiise diey 
iiKisI Ik liiiind Jiul dalod iii \ilii. A eliaiico diss'ou'ry in 1002 gave i1k aiiihors an op|ioriunily (o lest emo oTlIx'se 
new iiKlIiods and a( ilic same lime soKs’ a iliniy year old I'lysiery. An ji'iiuilaled |ionion ol n Dipmloihw 
sCeleion Tonnd al I lalleii Cove is assoeiaied widi sedimenl TL-dals-d I’oaboul *5 00(1 years, and is also a |iossihle 
sonree- Torn Tos.sil tonlh ToliiiiI on llie nearby Tcueli in 1*>7I 

Kt Wditiis: DiiimtiiJiiit, ILilleil Cove, (hermoliimineseeiite daOiiu. laic I'Icisioeens’. 



IntriKluelion 

Many speeinieOs oi' Di/miUuhii have heon l(.iiiiul 
since' iCs Jisciivcry hy Major Mildiell in the 
Wellinelon V'allcy, NSW, in ihe eiUly Kl''‘ CenUiO', 
aiul precise ae.es lor ihis, the laraesl hnoivn 
iiiaT.siipial. have long been sought. Many, il'noi mn.sl. 
discovs'ries were inaile before llie developineni ol’lhe 
C-l-l meiliotl of radionictrie dating. Olliers were 
deinoiislinbly beyond Ihe dalable age range and 
I'arlioeai'bon dating of older material ha.sbeen ihown 
lo be onreliahle (( 'happell c/ ill. 1096; Robens t l nl. 
2(Mil). Slill oihers could not be dated for waul ol 
siiflieienl preserved carboit. 

In 1002. Mr 'l- VVe.sllake, whilst walking his dug in 
a newly designated eouiieil reserye al llallell Cove 
d ig. 1 1. 2.A km south-soiiihwcst of the city ol 
Adelaide, iiotieed what ap|x-ared lo lx* a large white 
bone (fig. 2) eroding mil ul an old evpi'sure on a 
former private road. Closer csammaiion supported 
this iilcniinealion, and VIi Wesilake subser|Ueiiil\ 
iiUiirmeil the .South Auslralian Miisenm, alihough ne 
was si,iL- dial (he lelevanl peopk- would have known 
aliiiui it already, the oeViirrcnee wa.s not known and 
a \ i.sil was immediately organised. 

On 26 .liinc, 1 002. Mr Westlake guided Ihe senior 
aiithoc and sludeni Gavin I’rideaus to Ihe siie. an old 
load-eiilting ihrougli a spur of hillside oveiioi'king 
the f ield River, nol fai from the beach at llallell 
( oye talxHil .’n” 4' 0” Soulh, 12^“ 20' S ' l.asi). I he 
bank was more (liaii 2 m high, and llie buiie was 
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exposcti nboul l.fi m helow the top and about 2 in 
above Ihe surfaee of llie nearby bridge. Across (he 
rnatl, (he hillside fell steeply to the river aboul .“i m 
below. I he bone was examined in sliii and appeared 
lo be pari of the pelv is of a large animal and, becaii.se 
it was fossilised and so large, probably of a 
diprolodoiilid. With some tlifUetilly, Ihe bone was 
excavated wiihoiil givaily enlarging Ihe euiting and 
plastcr-inekettecl tor Iransporl. 

Materiiils anil Melhmis 

Thejiiekel eoniainnig the specimen was opened in 
Ihe laboralory and die sedimenl removed from 
around Ihe hone by scraping w ilh a small dental tool, 
often when die soil had been softened with water. 
Ihe bone was hardened pieecmeal dining ihis 
process, using a diluie solulion o( nedueryCH in 
aeeionc. Ihe siraiigraphie section was measured 
allev the e.xcavalion, using a tape-measure. Olhei 
measurenicins were made h\ vernier caliper or ruler, 
as wairanieil. 

Samiilnig for ihcrmolinnincseenee (TL) daiing 
(Ailken 10S5; W'inlle 1 007) was earned out by 
l’re.seoil euiil llullon and several graduate sliulents 
from the I (niversity of Adelaide 1‘hysics l)eparinieni 
on 2K August. I002 (fig. 4). 

I hive hon/ontal auger holes were drilled into ihe 
bank (fig. 5) lo bniekei vetlieally the position of Ihe 
bones, wliieli had been removed earlier. I I. samples 
f RI.S'il.O fRIS'l 5 and fRI.S/2.l were eollecled 
for laboralory analysis, al depih.s below the lop of ihe 
culling ol 0..O m. 1.2* ill. and 2.1 m, rcspeeiively. In 
\iln gamma ray speetrumeiei nieasuremenls weie 
made in me same holes froni wliieli the I f samples 
Were eolleeled. at aboiii ILs ni depth into the esposest 
face ol the eiitliiig. 
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I'ig. 1, l.ocalily map; llu’ fossil site is in a council ivscrvc on the Field River. 



Gamma ray spectrometry gives a direct measure of 
the radiation dose rate due to gamma radiation under 
prevailing field conditions and subsequent data 
analysis gives the coneenlrations of K, U and Th. 
t hese are then used for calculating the total dose 
rate.s from radiation in the environment, and for 
comparison with independent meastiremenls in an 
a.ssessmeiil ol’ the likelihood of radioactive 
disequilibrium in the deposit.s. 



The age is caleulatcd from the age eqiialion: 
age (ka) - Euiiivalcnl dose ((Ivl 
dose rate (Gy.dca) 

where doses are measured in grays (Gy) and ages in 
kiloyenrs (ka). 

QuarU grains in the bO 125 pm sire range were 
extracted from die samples by standard procedures 
(Huntley cv«/. Id9,l). 

The selerlive bleach method was used ti> thid the 
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I Hi. 2. I liu IdsmI I'iiiic .rt iniii.illy c.\po-.t;il in .-niiuK Il'iin 
liunu.rii iifjvol lii.v^T>. I liiDiiTii.-r i>- .'(Ml mm Inny. 




I iy. V I Ik hipiviikltiii jkInw, hi ‘^ii'i I 

skLlci.il irayiiKiU is ii|v.itlL' >Jo\sii. .mlcrioi mui llic I'lmk. 
1 Ml r.iul Hv llic ItiimmLT IiiiiiJIl* is \ S: mm. I I. k'll 
iscliium: Kl. |•ii;Ill iliiiim V. UTiL'lir;K'. 




I IP, -I. DipnuiiJmi Inxsjl siIl-, yciiufiil sk-\\, .•iislUiirils. 
l■iL:lll K'm.-r III rmht. rrejnii.iliuns I'Liiiy. nude! Inr 
ilK'iiiniliiitiiiK'M.'i!iiL-c diiiiiiy hy AdcliilUt i miser, 'ity 
I’liydi-s Di'piinmcni siiii'i ,nid sUkIlmis.; Hie kite l>r lomi 
lliilion slViiikI (Voiti nylil. Pfi'l, .loliii I’rx'.seoll ;ii nplil 




I’ly. 5 . Kulk'M f.'miT ll'li’rmis|iiiTliiH’!.eL-iKi- siiniplint; hiIl-s 
slimvinp ,1 £V!IRt;iI slrnlipniiiliv. loi|i:iI MuIl M ;il Hu- liissii 

Ih'I'i/ioii. /ii ‘lilii .mimniii rii\ Liiimiiivj h 

liikiiip pkia* 111 itn. lowc.si Imle. 



vciiilviileni doses ll’rt.si.oU Mojair.ilsi |d 03 ). ipm 
nK'tliod was developed In reduce Ihe uneerluintv in 
die level of solar hleaeliiiie, vvhieli rescls die 1 1 
ploek. Ihe piotncnl uses optical lilteis In seleet the 
lapidly I'leaelied eoniponeni ol the Tl . Hu* 
etiuivalenl dose is deleimiiied l\v eompaunu Hie 
nauiial II. siyiial with one {teneraicci in Ihe 
llibor.itory hy a .standard radioaerive source. Ihe 
speeil'ie method is known as 'The .Australian slide 
(I’rc.scoU c7 ((/. Idd.t), 

Ucsiilts 

Thvjn\.\il\ 

I he main specimen w.is Iduml to eompriM parls ol 
holli lelL and iiylii pelves still ailiciilated with Ihe 
sacral vcticbrae. plus an adjoimite lumbar verielna 
and a tVsneiiieni ortho lirsi caudal tS.AM P.T.34S7) 
and is con.sidercd to leprcseiil the eiant maisupial 
l)i/inn<Hliiii < Kven IHa't (I 'lg. 3). 

I he pelves Ibmi a (airly Hat pltile at a slight angle 
111 the eedebral ayis. Ihe acelabuluin diaineier i; 
about Hill Him, tile seini iiUer-aeetahular w idth ( right 
side) is about 2HH 111111 . tile sacral length aboni 1511 
min and the iselno-iliae length is about 4-IH iilin. I he 
verlehrae are not well preserved except lor Ibeit 
neural arches: a lumbar vcrtehi'ti ha.s a ivnlnim with 
a iraiisv erse diamelei of about Xli mm and length of 
(ill mill- riic.se measurement;; are withm the range ol 
speeimens y'\\ niiiiiiimlnii spp. Crom l.ukL (.'iillaboitna 
in the ci'llections ol Ihe South .Vusiitiliaii Museum 
and, alter eoiviparison with the pelvis ol a skeloioii 
displayed in Ihe Sonlh Anslraliaii Museum, Ihe 
I lallett (. (we speeime-ii i.s considered to be a subiuhill 
or lemalc individual. Speeillc identity i.s not possible 
on the nKiieri',il preserved. 

Preservation is not good I lie hunc.s are iiol 
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pctriricil. hcin^ railicr t'hnlky. k-achocl ami 
(Ml mineralised and held loyeihci largely hy Itie 
suppuniiig sandy loam. T his ciruimstanee proved to 
he both a help and a hindranee during (lie preparaiion 
oCihe specimen, as ihe hone was fairly easily eleaned 
bill had lu be eonsobdaled and slienglhened daring 
the process bccansc it svmdd not supporl much 
wcighi. 1 he specimen is ei)nsei|iiently fragile vviih 
niimemiis fine eraeks presnmahly associated with 
soil riKwemenl. Hie lower surface of the speeimen in 
the sediment (die aniniars dorsal side) is liiiiTy 
complete with only sinne crushing ol high points 
such as the doi-sal proeesse.s of the neural arches. I he 
opposite suiiaee is less well-preserved with iiiueli 
missing bone and irregular ends, presumably where 
evposed. uiibuvied parts had been eroded by ihe 
elemeiiis or incoming sediment. Although .soil and 
siiseeplihle to later damage, no cut marks, either 
IroiTi seavengei teeth or liunterTs tools, were seen on 
liny bone but no limb bones, which might have been 
a more aiLiaeiive target, arc piesent. 

Ill the process of exeaviition, a few' more bones 
were lound in ch>se as.socialii'n willi Ihe pelvis. One 
of these bones, a Iragnieni of immature lell mandible 
iS/\M l’.T.St)74), supported the ideiitifieatioii of the 
pelvis IIS l.lipyoiiHhtii. This specimen, from which 
ciiiptiiig eheek-leetli had fallen leaving only a barely 
worn nieisor, is only 42 inm deep at the first molar 
aUeoltis. us eom[)arcd to Hit) 110 mm or more m 
adult .inimals. ITagmeiUs of a lilllc-vvoni M| of 
Dijinilodon were also found, Another bone vvas id'a 
large kangaroo. Miuropi)'/'! ,sp. Several ,slicHs of 
sinnll saxieoloiis land snails, Suniiica 
1 eiussue, 1X21 (Sueemidae) and tirdcni 

liviliile, 1427 (I lelicarionidae) (R, Hamillon-llimv, 
pels, eoiiim, b July 2IMH 1. apparently the liist 
iceorded lossil oceurreriee of these species in 
Ausiialia). occur in the iTiie sediment surioiiiiding 
the bones, logeiber with fragile moulds of fine stems 
such as arc seen in rVaavz-limestones in modern 
slreum-poivl deposits. 

(iin/oec 

Ihe fo.ssiliferous secpieiice appears to be a 
iiiaigmal laeies id' the I’ooraka l uimatioii. recently 
redaled by Honrmaii W ill. (I4‘)7i. Much ol the 
I iiprn/inloii skeleton luul been lost, either by 
ilisarticuhition or erosion bebire complete burial, or 



as a result ol' load-building e.veav attoiis. I he 
remaining bones lay upside-down in a shallow 
depression tilled with pooiTy-soned eoaise sand, on 
a bed ol sonievvhai eurrent-iinbriealed pebbles ol 
Preeambritin sandstone tind sli.yle of apparently local 
oiigm (fig, 3). Tlie .sandy liori/on is lenticular and 
cMends several iiieiies on either side ol the bones 
before pinching onl. fhe pebbles, ranging up to some 
2 cm in diameter, occur in beds It) |o 10 cm thick 
alxivc and below the sand and are subangular to 
snbioiiiided. Similai beds, alternating vvidi sandier 
bon'/ims, oeeiir ihmughmil the sequence exposed in 
Ihe eiiltiiig. Bedrock of steeply-dipping, sligbily 
inelaiiiurpliosed Prolero/oie slates and i|liait/iles 
occurs vvitbin 10 iti laterally, and evideinly lorms 
pun of the original valley wall. 

fhe strniigrapbic .seqiieiiee at the site of llie bones 
is summarised below. 

Soil at least 0.5 m at lop of euding. 

ITaggy. sheety. ealeretc-eemenled coarse graved, pale 
brown -0.5.*' m. 

Marly silty sand, pale pinkish buff— 4i.. TO in. I f 
sample I R I S/0.4, 

f'liie (up to 10 mm) bedded giavei lens, becoming 
eoarsei to east and west, buff O.lO m. 

Marly silly sand, pale luifl^ — 0.2ii m. piiiebing out 
laterally. Bones and sa.xieoluus snails within (his 
interval. 1 1. sample I R IS; 1 .5. 

Coarse gravelly sand, angular clasts up to 50 mm. 
roughly inibncalctl, light brow n 0.20 m, ihiekeiiing 
either side. 

Brown silly clay no base .seen, l'^slimaled deplb lu 
bridge level 1 to 2 m. fl. sample I R I S 2. 1 nc.irtop 
of this unit (.see fig. 5). Height ol bridge above 
standing water level ahotii 3 m 

'T.gc 

f.nforlnnately. the quart/ fl sometimes reaches 
dose -saluration at a relatively low dose level and 
here, (he Ivvii deepesi samples. I'RIS/I s mid 
ITH .S/2.1 were approaching this .sainriilion. A 
cniisci|ueiKe is the relatively large uneeriainiy in (he 
age of !■ R I S/T ..5. A pilot nieasuremeiit oil t KI.'sO.I 
showed that it was unlikely to yield u ilate for the 
same reasitn aiiil so dating vvas not atteiripled. I he 
pilot lesulr is eoiisisleni with ihi.s sample heiiig the 
oldest of die ihree. 

I'Jemeiilal amilyse.s were obtained from field 
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giintmn riiy soiniillomiMry lor K., IJ and I h; hy X ray 
spcLlronKln, (XKS) lor K,and by lliick suiircc alpha 
panicle ciumlinj! ( I'SAC i lor ll and I h Ilio (hnnuni 
conccniraliun was checked by nciilron aclivaiiiHi 
analysis (NAA) for I KIS'li.o and I'RI.S'l.A (loiui 
agrcenicid amune the iiielhods iiidicalc's lhat. «ilhiil 
I ho 1 1 ti certain lies ol iiieasuremenU Iherc is no 
ladioaclive disequdihriiim m ihe samples. 

lahk* 1 shows ihe eomptmoiUs oi' ihe ago 
Cidciilalion and Ihc ages I'or the two dated samples, 

Disciissioii and Intcrprctatioii 

C nitlllK'Ilh "II Jxililf / 

I hc ct|iiivalenl ilusc and its erroi ureonipnl Irom a 
slatisiieal lining programme. Tin; errors are 
lelaiively large because die inheiem variahdiiy ol 
ijimri/ I L and the near diise-saliiraiion of die 1 1 
make prcci.se curvc-liUmg problcinalic. I or 
I RlS'O.n. Ihc lining programme ciicuunlc.vd no 
dirHeullics and ihcre was a salislaeioi y dose plaieaii. 
Xamiile I R I.S' l .S was i|ui(c close lo dose saliiralnin 
and has a somcwhai larger uncerlainty. 

rhereare iwii iiHlcpemlenl vakie.s liM' the dose rale; 
( I ) Held gamma ray seinUllomelry and (.) XRS for 
Is. N.AA foi I'h, thick source alpha eouniing Ibi U. 
I he agreemeiif helwocn them is gralifying. A 
eonliibnlion Irom cosmic r;iys is included (Prcscolt 
A lUilton Id'M). .Although no ei|iiivalenl dose (anti 
no age) was measured lor I K IS, '2.1. tlic dose rale 
ihiia ate iiiclnded lor compleiciie.s.s. 

I he eiivi in age is dclefitiincd ahlnisl cscltisivcly 
by Ihc iJiicciiaiiUv in the equivalenl dose, I he 
ei.|uividem dose and age of ( RIS'd.d are well 
tieseiihal by the ipioled ligiaes. For PR I S/I. 3 ihe 
dose eur\c is appri>achiiig saiuraiion. Ahhongli the 
eiioi qiiolcil for Ihc cqui\ aleiil dose is ttbjecliiely 
loiintl bv the niling procedures, the erritr limiis in the 
age ate asyinnictrie. this asymmetry lies wiihiii die 
linnis shown in Llie Inblc which are one siaiidaitJ 
eiii'i, ,‘\1 ‘15'bi eoiilldeilee. with allowance da lliis 
asymmetry, ihe age lies willnn the inicrval 42-70 ka. 

Sysiemalie errors iiieliidc variability of waiei 
content, beeansc the dose rale depends on diis. In 
keeping with Adelaide laboraloiy praeliee. the age is 
quoted I'tir the obsened ttaier eonieni | IK"u of diy 
wetglil lor Ihe whole prtdilc), I low milch n may 
h.ive varietl in the pasi is a muUer td prolessiouid 
ludgeinenl I i>r all levels al this sile, a P’l, inerease in 
water ivsulls in a l"(i decrease in dose rate. TIhis, il 
die average wmer eoniunt in the past had been I"-,, 
higher, then die dose raie and die inetLsurcil 
cqiiivalcni dose would have been lowei anil Ihe 
presein-day age esiimale would be l»tw. t'osiuie 

■ a MIS ''lit n,\y ima».iiMi'iii iiiiiiii iiUcmI'i iio iWimoi'r M 
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ray variabiliiy provide.s imollier possible sotiree of 
syslennil c error bid, al Ihis sile, il is ol no 
conseqnonce- 

( it'iilii^h ijl llf\liii'\ 

Some lOfi 01.11.) years ago. when world sea-levels 
were mneh lower and Ihe Gull St VincenI was ,i 
broad plain drained by iheaneiem Kivei Vineeiii dial 
Howed lo join die River Mnrrav lo the ea.si ol' ibe 
I III I no kangaroo island, the aiieesiral I ield Rivet had 
a .slcc(ter gradient, and had cut a gorge back into die 
face of the Ml loliv Ranges. As the .sea ro.se from 
this lower level, ibe tivei'^s gradient decreased (ami 
laiiifall may also have deereasedi and Ihc goigc 
began to vill up. 

It appears that, possibly (luring a local llash-llond 
some .33 Ihuusand years ago. a Di/inniiJoii died and 
Wigs, swepi ilownslream wiih other hiines ihcil had 
been picked up along die way. iiiilil Ihc slrcam 
velocily dropped aiid'or Ihe carcass reached an 
ephemeral pool where it seliled. Sand from die rmid 
llush of llood water came lo rest on ami aroumi Ihc 
biidy. which was not eoni('letely buiicd, Ihe pool 
silted op and espused bone di.sintegralcd tinder the 
efCecis of the elemcnis (Behivnsmeyer l‘i7R) and 
pos.sibly .scavengers, l ater, another Hood bmughi a 
lay'cr of gravel, in a pioeess that was (o be repealed 
fur ecnlurics as the valley gradually lillcd wilh 
Si'll i men I 

I he pivsein gorge, 'valley was probably incised m 
the older sodimenls by a rejuvenated stream al (hv 
lieighi of llie Iasi glacial ina.smiiim, when Ihe 
grodienl was again incrcutied, or in Ihc earlv 
lloloecne. when rainliill inciva,scd. Il is possible that 
die very tumbled ami heaeli-iollcd isolaied 
l)il>riir"(l"ii molar, fouiid in l‘)7l by nine year-old 
Jonalhon Dicker (Anon. IR7II' in bcaeli gravels al 
ihc momh ol ihc I'icld River was wnsheil out ai iliis 
lime, bill ll IS more likely dial n was unemered 
during the road-hnilding operaiion earlier in the 2<H' 
C'cniury and bul|-do/cd into ihc crcck, to be earned 
by llood-waleis to the seti. 

I he sile of the l)i[!i"iitc/iiii bones has smee been 
marketl wiih a simill cimn and plaque by die llallcii 
t ovc I’rogress ,'\>socmiion. 

fhe age ol this specimen, as prescnled here, is 
close 10 dial of the piilalive arrival of the first 
Abongnies ni \ustralia ( I home >.1 al, I‘IU0: hiil sec 
Dowler & Magee 2000; Gillespie cX Koberls 2lt00g 
A hnmaii faelor tij.s been siiggesled m die .Au.slralian 
niegatiuinal cMinclion iManneiy 1 MU 4 ), enbei bv 
direei liuniingor In environnienial modillcaiioii. and 
ecriam siies, e.g. f iitldie Spimgs, nurlhwesiern New 
SoLilh \V,des (field A: Dodson lO‘W), have hecn 
claimed Ki shoVv evidence ol inleraclioii lx-iweeii 
humans and niegafatina: this has been ehalicnged lot 
(.oildie Springs iRobtris ei al, 2001). Ihe Uallcll 
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Cove s|vciniL’n gives no indicatitm of butchery, nor 
indeed orscavcncing, with the remaining, bones still 
articulated. It cannot thcrerore be used as evidence 
either way. 

Conclusions 

Fossil bones Found in Quaternary sediments in the 
bank ot’the Field River, Hal let! Cove, reprc.sent the 
partitd skeleton of, probably, an immature 
DipriilodoiK which was buried in an overbank 
deposit oFlhe anceMral stream. I'hernioluminescence 
dating of the sediments has given an age of between 
42-70 thousand years before present at the 05% 



conlldcncc level. This is close to the proposed date 
(Robei-|s t'l cil. 2001) of 46 400 years HP for the 
megafaiinal extinction event in Australia, llouevcr. 
there is no Indication of a human factor involved in 
the deatli of this animal, 
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